Non-capsulated Haemophilus influenzae strains are often carried in the healthy upper respiratory tract in man. Carriage rates vary widely and are usually higher in children and in closed communities than in the general adult population.' These bacteria are most often responsible for infection in bronchi damaged by chronic bronchitis or related diseases. Their potential pathogenicity in patients about to undergo a surgical operation, however, is not well understood. Aspiration of bacteria from the throat into the lungs can occur during general anaesthesia. Hyperventilation, particularly after abdominal surgery, and impaired cough reflex also predispose such patients to postoperative chest infection.2
Chronic bronchial disease is closely associated with an increased risk of a postoperative chest infection.3
There is some evidence that age, a history of heavy smoking, and the site of operation also predispose surgical patients to such infection.4 s The use of antimicrobials to prevent chest infections has received little attention. Prophylaxis for patients with chronic bronchtis has been recommended but has not always been successful.4 More study is needed to determine which group of patients will benefit most from prophylaxis, which antimicrobial agent should be chosen, and whether a single dose will suffice. In this study chronic bronchitis was defined as persistent cough with production of sputum on most days of three months of the year for at least the two preceding years. Table I shows the classification of the types of operations. Some patients who underwent abdominal surgery received two doses of cefuroxime and metronidazole, one dose of each antibiotic was given during anaesthesia and another dose of each six hours after operation.
A throat swab was collected by nursing staff from 200 patients admitted over six months in 1984 for elective surgery. Swabs were not obtained from patients admitted as emergencies, and because of the heavy workload on the ward at certain times throat swabs were occasionally not received from elective admissions. Information about age, smoking history, chronic bronchitis, and the reason for admission was requested. Later, the medical records of patients carrying H influenzae on admission were reviewed.
It was standard practice on the surgical ward to collect at least two postoperative sputum samples from patients who were feverish within 48 hours of operation, or who showed clinical evidence of a postoperative chest infection.
The records of the following groups of patients were also studied: patients admitted to the ward during 1984 from whom a postoperative sputum sample was received; patients on the ward in whom H influenzae was isolated from a postoperative sputum sample between January 1982 and March 1985.
METHODS
Sputum specimens were homogenised and processed as previously described.8 Strains were isolated on Columbia agar containing horse blood 5% (v/v), nicotinamide adenine dinucleotide (NAD) 10 mg/l, and haemin 10 mg/l. For admission throat swabs, bacitracin 300 mg/I and amphotericin 2 5 mg/l were also added.
All strains showed satellite growth on Columbia agar around a paper disk containing haemin and NAD; they were non-haemolytic on horse blood agar and did not synthesise porphyrins from 6 aminolaevulinic acid.9 All isolates were examined for capsules by a coagglutination technique (Phadebact Haemophilus test). For storage the strains were suspended in nutrient broth (Oxoid No 2) with glycerol 10% (v/v) and were frozen at -70°C.
For typing studies three variants of the defined medium described previously7 were prepared: a medium omitting histidine; a medium omitting hypoxanthine; and a medium omitting glycine, isoleucine, leucine, lysine, methionine, serine, tryptophan, and tyrosine. The plates were stored at 4°C and used within four weeks of preparation. Typing was carried out as pre-79 viously described,7 except that cultures were incubated in air containing 5% carbon dioxide for 36 hours before reading the results. Tests for indole production, urease activity, and for ornithine and lysine decarboxylase activity were as previously described.7
Results

CARRIAGE OF H INFLUENZAEON ADMISSION
Admission throat swabs from eight patients grew enterobacteria, and because of the possible problems of overgrowth of H influenzae by these micro-organisms, the patients were omitted from the study. Of the remaining 192 patients, 94 were admitted for abdominal operations, 40 for oral surgery, 48 for other types of surgery (Table 1) , and 10 patients were not treated by operation. The mean age was 48 years (range 13-85 years). Forty one per cent of patients smoked more than ten cigarettes per day, and thirteen (7%) tPeriod of study 169 weeks (January 1982 -March 1985 . 81 82 76 strains, 71 were assigned to 20 chemotypes (Table  3) , one strain failed to grow on the medium, and four cultures were lost to the study. The largest groups were type 38 (21%), type 7 (13%), type 22 (11%), and type 52 (10%). Eighteen of the 71 strains were assigned to clusters containing two or more strains of the same chemotype isolated during one month (Table   3 ). H influenzae of type 6 was isolated from two patients who were treated at the same time in the high dependency area of the ward. One of these patients was admitted as an emergency and was known to be infected with the micro-organism on admission. As this chemotype was rare among patients on the ward cross infection seems probable. Clusters were also observed with types 7, 22, 38, and 52. Although some of these patients were nursed at the same time in the high dependency area, strains of these types were fre-. quently isolated during the study, and further subdivision is needed to determine whether cross infection had occurred.
Discussion
In family and institutional studies for H influenzae carriage rates between 32% and 82% were found in adults.' These rates may be partly associated with high levels of atmospheric pollution and those in early studies to the misidentification of some strains. A lower carriage rate can be expected in the general adult population. Although a selective isolation medium was used in this study for throat swabs, the rate of 14 6% may have been an underestimate because of the problem of isolating H influenzae from other upper respiratory tract flora. The examination of more than one specimen would have been 4elpful.
The detection of H influenzae in sputum is not always successful, but it is helped by homogenisation and dilution of the specimen before culture and by the examination of more than one sputum sample; these procedures were carried out in this study. Possibly, some patients with postoperative chest infections failed to produce a sputum specimen and were, therefore, excluded from this study, but the extent to which this occurred is unknown.
In general, preoperative carriage of H influenzae did not predispose patients to chest infection after surgery. Routine screening on admission of patients who were previously healthy seemed to have no value. Patients with chronic bronchitis who were carrying H influenzae on admission, however, did develop postoperative chest infections with the micro-organism, and this group of people seems to be at higher risk.
The results of this study agree with those of other workers in respect of age, a history of heavy smoking, and the type of operation, all of which were found to affect the incidence of postoperative chest compliTebbutt cations.4' It seems that cefuroxime had little effect on the incidence of postoperative chest infections, although this antibiotic is highly active in vitro against H influenzae. In general, penicillins and cephalosporins are ineffectual in prophylaxis, and recent studies have shown that rifampicin is better at eliminating the carriage of H influenzae of capsular type b.'0 There is no evidence to suggest that passage of antimicrobial agents into the nasopharyngeal secretions is sufficient to suppress H influenzae in patients with chronic bronchial disease. Inhaled antimicrobial agents have been used with some success in patients with cystic fibrosis" and might also be considered in other chronic lung diseases. Although the value of antimicrobial agents in preventing chest infection remains uncertain, this study has confirmed the clinical importance of H influenzae in postoperative chest infections; and when antimicrobial prophylaxis is used an agent likely to be effective against this microorganism should be chosen.
From time to time clusters of H influenzae infections occurred on the ward, but chemotyping usually showed that various strains were entailed. Such clusters may reflect the heavy workload on the ward at these times or be due to an increased nasopharyngeal carriage rate. Surprisingly, however, few infections occurred during the winter months when the incidence of chest infection in the community was high and the ward was busy: a seasonal variation in the carriage of H influenzae was not observed in the admission swab study, but the period of investigation may have been too short for this to be identified.
As most H influenzae infections occurred during the early postoperative period they were probably induced by anaesthesia or some other factor related to the operation. Five patients who developed postoperative chest infections due to H influenzae, however, had negative admission swabs. Perhaps the method used to detect patients carrying H influenzae on admission was inadequate, or the patients may have rapidly acquired the micro-organisms on the ward or in theatre. Most elective operations were performed on the patient's third day in hospital. When clusters of infections were studied cross infection probably occurred on one occasion, but in most cases evidence for it was inconclusive. These results suggest that cross infection plays a minor role in the large number of postoperative chest infections caused by H influenzae. 
